Although most nervous system diseases affect women and men differentially, most behavioral studies using mouse models do not include subjects of both sexes. Many researchers worry that data of female mice may be unreliable due to the estrous cycle.
not common practice (Kokras & Dalla, 2017; Leger & Neill, 2016; Zucker & Beery, 2010) . Even in 2015, of the 71 research articles that used rodents published in the journal Pain, only 3 affirmed the use of both sexes (Mogil, 2016) . Our own informal PubMed survey of 100 studies published in 2016 that used the water-maze place navigation task to study spatial learning and memory of mice revealed a similar result. Only 12 studies had included subjects of both sexes with 6 stating that they had added sex as a factor to the statistical model. A total of 8 studies had used only female subjects and 69 only males.
There are several reasons why researchers are so reluctant to include female mice in their studies (Mogil, 2016; Prendergast, Onishi, & Zucker, 2014) , the most important being the worry that due to their estrous cycle, inclusion of female mice in a study will increase variability of results and necessitate the testing of more subjects. It is often believed that females must be tested at each stage of the estrous cycle to generate reliable data. For tests of pain sensitivity, this has been disproved by a retrospective analysis in 7,875 mice (Mogil & Chanda, 2005) , clearly demonstrating that data are equally reliable in female and male mice-also if females are tested at random stages of the estrous cycle. In addition, the study showed that, reproducing human sex differences in pain sensitivity, female mice overall had significantly shorter tail-withdrawal latencies. A recent meta-analysis extracted variability measures from 293 published articles, in which female mice tested at random stages of the estrous cycle were compared with males with regard to behavioral, physiological, morphological, and molecular traits (Prendergast et al., 2014) . The study concluded that variability was not significantly greater in females than males for any endpoint and was substantially greater in males for several traits.
Even in 2015, of the 71 research articles that used rodents published in the journal Pain, only 3 affirmed the use of both sexes. Our own informal PubMed survey of 100 studies published in 2016 that used the water-maze place navigation task to study spatial learning and memory of mice revealed a similar result.
To our knowledge, retrospective behavioral studies as rigorous as Mogil and Chanda (2005) have not been conducted in other domains of behavior. In particular, comparable analyses are lacking for the important domains of learning and memory as well as for exploration and anxiety. The water-maze place navigation task (Morris, 1981; Morris, Garrud, Rawlins, & O'Keefe, 1982) is one of the most common behavioral tests for assessing spatial learning and memory in mice (D'Hooge & De Deyn, 2001; Schoenfeld, Schiffelholz, Beyer, Leplow, & Foreman, 2017; Wolfer, Colacicco, & Welzl, 2013) . The open field test is very often used to measure activity, exploration, and anxiety-related responses in a novel environment. Both tests have been used during several decades in our laboratory with standardized protocols. This has accumulated a large body of data which we use in this report for a systematic retrospective analysis.
Laboratory mouse strains were once derived mostly from mus musculus domesticus (Frazer et al., 2007; Yang, Bell, Churchill, & Pardo-Manuel de Villena, 2007; Yang et al., 2011) through selective breeding for morphological and behavioral traits. Given that free living male mus musculus have larger territories and venture farther away than females (Chambers, Singleton, & Krebs, 2000; Pocock, Hauffe, & Searle, 2005; Pocock, Searle, & White, 2004) , one would predict sex differences in spatial learning and exploratory behavior also in laboratory tests. But while literature reports indicate large reliable male advantages for rats in radial-maze and water-maze protocols (Jonasson, 2005) , findings have remained contradictory in laboratory mice (Frick, Burlingame, Arters, & Berger-Sweeney, 2000; Ge, Qi, Qiao, Wang, & Zhou, 2013; Hendershott, Cronin, Langella, McGuinness, & Basu, 2016; Jonasson, 2005; Voikar, Koks, Vasar, & Rauvala, 2001) . Consistent reports on sex differences are also lacking for open field exploration (Ge et al., 2013; Voikar et al., 2001 ).
The large number of subjects available for the present study provides not only sufficient power to detect small differences but also permits to test for equivalence. Therefore, in our retrospective analysis we addressed two questions: (i) is the behavior of female mice in the Reflecting the scientific focus of the lab, most animals included in this retrospective analysis were from experiments using genetically modified mouse models to study normal function and diseases of the brain. A number of strain comparison experiments were included as well. Table 1 
| Open field
The round arena had a diameter of 150 and 35 cm high sidewalls made of white polypropylene. Each subject was released near the wall and observed for 10 min on 2 subsequent days.
| Video-tracking
During all experiments, the path of moving mice was tracked using a video- custom programmed software Wintrack (www.wintrack.ch) (Wolfer, Madani, Valenti, & Lipp, 2001 ) and converted to a consistent format.
| Behavioral measures
2.3.1 | Water-maze place navigation, training
Escape performance during training was assessed by computing the standard measures escape latency, swim path length, and swim speed (excluding floating episodes). Spatial orientation was further evaluated using cumulative search error (sum of distances to target measured at 1 s intervals minus value that would be obtained for an ideal direct swim) (Gallagher, Burwell, & Burchinal, 1993 ), Whishaw's error adapted to mice and pool size (% path outside a 0.1856 m wide corridor connecting release point and goal) (Whishaw, 1985) , path efficiency (% path during which speed vector component toward goal is 75% or more) (Poirier et al., 2007) , and average distance from target (proximity). Further, we evaluated time spent floating (episodes of immobility or decelerations with speed minimum <0.06 m/s), the number of times mice jumped off the goal platform instead of climbing and remaining on it, the time they spent within a 7 cm zone from the wall as a measure of thigmotaxis, and the number of times they approached and contacted the wall. Body weight was recorded before and after training in a subset of animals. Body weight is known to be strongly and reliably sex-dependent in mice. Therefore, we included this measure as a reference for comparison with other sex effects.
To facilitate analysis of the large study sample, all measures were averaged across training trials to obtain a single value per subject.
| Water-maze, probe trial
Spatial retention was assessed using % time spent swimming in the former goal quadrant and in a circular target zone comprising 12.5% of the pool surface, annulus crossing index (crossings over target minus average of crossings over annuli in adjacent quadrants divided by distance swum), proximity (average distance to trained target) (Gallagher et al., 1993) , and polar error (average angle between two lines connecting the pool center to the subject and trained target, respectively).
| Open field
Locomotor activity was evaluated using the standard measure of distance moved. To further characterize locomotion, we segmented the recorded path into bouts of walking (>8.5 cm/s) and episodes of lingering or resting (Madani et al., 2003) . This permitted to determine % time walking and walking speed. Anxiety related parameters were % time spent in the center field (50% of area) and average distance to center. To assess the efficiency of exploration, we divided the arena into quadratic tiles of 7 × 7 cm and determined the % of tiles in which the mice had shown lingering activity. When moving toward the center mice typically walk slowly and accelerate considerably when returning toward the wall. Therefore we also calculated the difference between out and inbound speed. To facilitate analysis of the large study sample, all measures were averaged across days to obtain a single value per subject. Counts of fecal boli deposited in the arena were available in a subset of animals.
| Statistical analysis
Individual measurements were evaluated using a factorial two-way To compare the variability of measurements between sexes, we calculated the coefficient of variation (CV, standard deviation divided by mean) separately for females and males in each group. Sex differences of CV were then tested using a factorial one-way ANOVA model with female and male subgroups as the unit of observation. To determine size and significance of the sex effect on CV, we again computed the 95% confidence interval for Cohen's d
and tested for equivalence with 0.2 as equivalence margin.
As to be expected given the very large sample sizes, KolmogorovSmirnov tests detected highly significant deviations from normality 3.2 | Water-maze place navigation, training
As judged by escape latency and swim path length, male mice showed significantly better overall escape performance than females during training in the water-maze place navigation task. But despite the statistical significance of the effect, evaluation of CId established equivalence of the sexes for both measures (Figure 1a middle) .
Accordingly, the distributions of individual male and female escape latencies were nearly congruent (Figure 3a ) and the effect was highly unreliable across experiments with female mice having longer escape latencies only in 56% of experimental groups (Figure 3b ). Female mice (Figure 4c,g ). Proximity scores were more variable in males in only 53% of experimental groups (Figure 4d ), polar error varied more only in 57% (Figure 4h ).
| Open field
The open field test is primarily used to assess locomotor activity in a novel environment. In the present study, we assessed three measures of activity: distance moved, time spent walking, and walking speed. In all three, females has significantly higher scores than males (Figure 1a Even though slightly larger CV in female mice was found or could not be ruled out for part of the measures, the results of this study clearly demonstrate that inclusion of female Our study makes a strong case for the inclusion-together with male mice-of females without testing for estrous cycle in studies of spatial memory, anxiety-related behavior, and locomotor activity with mouse models of nervous system disease. This will render studies more representative (Clayton, 2016; Miller et al., 2017; Shansky & Woolley, 2016) and provide opportunities to study sexspecific aspects of disease, provided that they are biologically determined (Eliot & Richardson, 2016) . Using only male mice will not make results more reliable. Rather, efforts should be maximized to control more relevant sources of variability, such as genetic background (Crusio, Goldowitz, Holmes, & Wolfer, 2009; Lipp & Wolfer, 2003; Magara et al., 1999; Mohajeri et al., 2004; Wolfer, Muller, Stagliar-Bozizevic, & Lipp, 1997) and laboratory environment (Crabbe, Wahlsten, & Dudek, 1999) .
| Equivalent learning performance and exploration in female and male mice
In addition to evaluating CV as a measure of data variability, we also directly compared mean scores of female and male mice. The analysis of water-maze place navigation performance revealed statistically significant sex effects in the majority of measures suggesting superior training and probe trial performance in male compared to female mice. However, the CId of nearly all these sex effects did not extend beyond the equivalence margin of 0.2, meaning that the differences were negligible and scores in fact equivalent in both sexes. Evaluation of open field activity measures revealed statistically significant sex differences as well, suggesting higher activity in female mice. But again, they were negligibly small.
Analysis of anxiety-related measures in the open field provided no evidence for a significant sex difference, with female and male scores being statistically equivalent. Even for those measures that showed a statistically significant sex effect, the distributions of male-female differences across experimental groups were near symmetrical, making it impossible to predict in our data whether in a single experimental group females or males would have higher scores. The only measurements to show sex differences that were both statistically significant and of relevant size were body weight and the number of fecal boli deposited in the open field, both higher in male mice.
The only measurements to show sex differences that were both statistically significant and of relevant size were body weight and the number of fecal boli deposited in the open field, both higher in male mice.
While the observation of a significant advantage of male mice in the place-navigation task confirmed our expectations, the small, in fact negligible, size of this effect may appear surprising. We speculate that the observed sex effects are the vestiges of a former biologically relevant sexual dimorphism in spatial navigation during dispersal. In wild mice, dispersal is mainly driven by aggressive behavior, which is more intense among males than females.
However, whether or not males have to venture new territories depends on complex interactions of factors such as age and hierarchical status of the individual, population density, food availability and abiotic environmental factors (Latham & Mason, 2004) . Under laboratory conditions, these factors are largely nonexistent and sex specific variations in spatial navigation are present but do not reach significant effect size. The lack of sex differences in anxiety-and exploration related open field measures found here is in line with a recent study in wild Mus musculus performing the same task (Bimova, Mikula, Macholan, Janotova, & Hiadlovska, 2016) , which found neither sex differences nor an effect of estrus phase on female exploratory behavior. Alternatively, the negligible effect size in sex-specific spatial navigation in laboratory mice could be the consequence of generally reduced aggressive behavior in males by the lack of selective pressure on this trait over many generations of breeding in a laboratory environment.
The observation of a significant advantage of male mice in the water-maze place navigation task is of interest also in view of the ample evidence in human psychology documenting superior performance of men in spatial tasks, while women perform better in other cognitive domains. This effect is particularly well known and reliable in tasks involving mental rotation of objects (Voyer, 2011; Voyer, Voyer, & Bryden, 1995) , but a male advantage has also been observed repeatedly in studies involving navigation of a virtual water-maze (Astur et al.,1998; Astur, Purton, Zaniewski, Cimadevilla, & Markus, 2016; Astur, Tropp, Sava, Constable, & Markus, 2004; Korthauer, Nowak, Frahmand, & Driscoll, 2017; Newhouse, Newhouse, & Astur, 2007 observation of congruent sex differences in water-maze navigation between mice and human subjects is nevertheless remarkable.
| CONCLUSION
Our retrospective analysis of sex differences in a large number of mice tested in the water-maze place navigation task and in the open field confirms and extends other large scale studies in demonstrating that including female mice in experiments does not cause a relevant increase of data variability. Further, performance of female and male mice in these tests is equivalent. Our results make a strong case for including mice of both sexes whenever these tests are used in preclinical research. This will be necessary for adequate modeling of the human population and to capture sex-dependent aspects of disease mechanisms.
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